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In the training of physicians more emphasis
should be laid on the practical aspects of physi-
ology.1

The best evidences that the medical student
does not receive adequate instruction in the
practical aspects of this important subject are
the primitive notions of physiology so frequently
exhibited in the explanations of the mechanism
of disease and the mode of action of different
forms of treatment, given in our clinical jour-
nals. The abundance of such evidences some-
times suggests that the steady advance of physi-
ology makes but little impression on practical
medicine.

No better example of the failure of a funda-
mental physiological fact to impress itself on
clinical medicine can be cited than the constant
recrudescence of the myth of "insufficient oxy-
gen supply," for over a century a favorite ex-
planation of pathological symptoms. The be-
lief in "insufficient oxygen supply" is based
on an erroneous notion of the nature of metabol-
ism, according to which the amount of oxidation
is regulated by the respiration. The metabolic
processes are sometimes compared with the
blacksmith's fire, the lungs with the bellows; the
intensity of the metabolism being attributed to
the activity of the respiration.2

This notion is widespread. In the daily pressit is reflected in the references to the relation
between "correct breathing" and the "laws of
health." It shows itself in the popular fallacy
that in cold weather deep breathing is advisable
because "deep breathing stimulates the metabol-
ism and thereby develops heat."

But it is not confined to the laity. "The con-
dition is due to products of insufficient oxygen
supply" appears perennially in the clinical jour-
nals. Even in recent numbers of our leading
clinical journals the dyspnea of heart disease is
ascribed to products of incomplete oxidation,3
and twice recently the notion has received favor-
able editorial comment in the Journal of the
American Medical Association.* To cite one of
the several similar passages in these papers:5
"In the pure cardiac cases the dyspnea seems
to depend on a slowr or insufficient circulation,
which results in a poor oxygénation of the tis-
sues and may even cause a transient, acidosis
owing to the incomplete combustion of metabolic
products. ' ' *

One of the best known examples of this notion
is the belief that gout and the "uric acid dia-
thesis" are due to the accumulation of products
—chiefly uric acid—of incomplete oxidation of
protein.11 This belief is one of the errors at
the basis of the widely accepted hypotheses of
Haig r- concerning gout and many other diseases.

Liebig declares11 that when people who suf-
fer from uric acid concretions go to the country,
they sometimes get, as a result of better oxygéna-
tion, concretions of oxalic acid—an oxidation
product of uric acid; and that when they exer-
cise and so absorb still more oxygen, the concre-
tions are completely oxidized to carbon dioxide
and water. Animals that drink much water, ac-

cording to Liebig, excrete less uric acid than
others; the water keeps the sparingly soluble
uric acid in solution so that it becomes more com-

pletely oxidized to urea.

Many investigators have attributed symptoms
in leukemia, chlorosis, and emphysema to the
products of incomplete oxidation, believing that
the symptoms result from decreased external or
internal respiration respectively.13

The introduction of hypopliosphites into medi-
cine was due to the belief that phthisis is due
to incomplete oxidation.11 Phosphorus and its
partly oxidized derivatives, the hypopliosphites,
were recommended in this disease in the belief
that they attract oxygen to the tissues.

Xencki and Sieber" proposed to measure the
oxidizing power of the body under different
conditions by determining the amount of benzol
that can be oxidized to phenol ; and concluded,
as a result of such experiments, that in leukemia
there is a decreased power of oxidation, in ane-
mia and chlorosis no change.

Examples might be multiplied10 ; but these
few will suffice to illustrate the nature of the
fallacy.

The source of the error is found in the writ-
ings of Lavoisier.

In 1777," Lavoisier cited metabolism experi-
ments which he had carried out on birds, to show
that respiration results in a combination of the
carbon of the blood with oxygen to form carbon
dioxide; he concluded that the process is anolog-
ous to that which two years previously he had
described as combustion. But in elaborating this
theory twelve years later,18 he laid the founda-
tion of future error. He speaks of incomplete
oxidation of digestive products as a possible
cause of disease, and urges the use of purgatives
to rid the body of such products ; he attributes
the fevers of hospitals and prisons to the insuf-
ficient oxidation resulting from the impure air.
In the following year10 he declared that the
metabolism is more active, and more heat, there-

* Pcabody does not claim originality for this notion ; he at-
tributes it to Porpes, Leimdtirfer and Markovici,' to Bedrinrd and |

Pembrcy,7 and to Lewis find Barcroft.8 And he thereby illustrates
the manner in which n false notion—like a rumor—spreads, cadi
repetition of the notion, as it becomes further removed from the
facts, becoming more incorrect and yet more dogmatic. These
authors carefully avoided statin? any such hypothesis as Peabody at-
tributes to them; Beddard and Pembrey, in fact, state that the
evidence is against such a hypothesis.

The hypothesis was, however, proposed by Pfltiijer in 1868.9 Later,
however (1872'L10 it- was rejected and vigorously combated by him.
But Peabody does not refer to this.
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fore, formed in cold climates because the cold
air is denser than warm air, and a greater
amount of oxygen per unit of volume comes in
contact with the surface of the lung.

But Lavoisier's writings contain also the
germ of the truth.

In his communications of 1789, he states that,
in spite of what should be expected, experi-
ments with guinea pigs demonstrate that these
animals take up the same amount of oxygen,
and give off the same amount of carbon dioxide,
whether they breathe pure oxygen or a mixture
of oxygen and nitrogen. Lavoisier was already,
therefore, on the right track. By 1789, he had
overcome the technical difficulties of construct-
ing apparatus for carrying out metabolism
studies even in manf ; by 1791, one of his pu-
pils, Seguin, had developed a method of meas-

uring the amount of oxygen in a mixture of
gases (measuring how much of the gas would
combine with phosphorus20) ; and another pupil,
Hassenfratz, by showing that the temperature
in the lungs is no higher than elsewhere in the
body, had corrected the erroneous notion that
the oxidation takes place in the lungs. It is
highly probable, therefore, that Lavoisier might
soon have carried out experiments that would
have anticipated a century of errors. But sci-
entific work was interrupted by the French
Revolution^ and Lavoisier himself w. s exe-
cuted early in 1794.

Prom the death of Lavoisier until 1866 there
was but little change in views held by physiolo-
gists regarding oxidation. Certain investiga-
tors,—Regnault and Reiset21 (1849), Mül-
ler22 (1858),—as a result of experiments similar
to those of Lavoisier, pointed out that the acti-
vity of the metabolism remains unaffected by
the oxygen tension. But these experiments
made little impression at the time.

Reform came from another quarter. Almost
inextricably involved with the incorrect notion
regarding the cause of oxidation was an incor-
rect idea concerning the place of oxidation.
Oxidation was believed to take place, not in the
tissues, but in the blood-stream. It was the
gradual accumulation of data not in harmony
with this latter belief, and indicating that oxi-
dation takes place in the tissues, that led to a

readjustment of the views regarding the cause
of oxidation.

It is difficult to determine precisely who
should be given credit for teaching us the truth
regarding this matter. The question of the
cause of oxidation and that of the place of oxi-
dation—though two separate questions—arc not
clearly separated in the early discussions. The
question arises not only: Who first taught the

truth as a matter of belief? but also: Who first
experimentally established the facts upon which
the truth could be based? The echoes of the
fierce polemics of the '70's over these questions
have not yet died out.§

In 1838, Müller stated clearly21 that oxida-
tion does not take place in the blood, but in the
tissues; he believed, however, that the respira-
tion is not the result, but the cause, of the oxi-
dation. In 1844, Vierordt stated correctly the
Eacts of internal respiration25: that oxidation
takes place in the tissues; and that the blood
transports oxygen to the tissues, and takes car-

bon dioxide away from the tissues. Experimen-
tal confirmation of these hypotheses was fur-
nished by L. Meyer in 185720 ; Meyer demon-
strated that the blood transports both carbon
dioxide and oxygen.* A further confirmation
of this theory was furnished in 1863,"7 when
Panuni showed that the amount of oxygen ab-
sorbed by dogs and the amount of carbon diox-
ide given off is not affected by the great loss of
transporting power for oxygen which results
from severe hemorrhage. In the subsequent
polemics, these writers are given little credit;
Pflüger, indeed, in 3868 rejected Meyer's con-

clusions.28
Voit was probably the first20 (1866) to in-

cline physiologists to the belief that respiration
is not the cause of metabolism, but the result of
the needs of the metabolism. He pointed out
that the carbon dioxide eliminated is independ-
ent of the ventilation of the lungs.t In 1868
he showed that neither by section of the vagus,
formation of a pneumothorax or by hemorrhage,
whereby respiration is diminished, can the
amount of oxygen taken up or the amount of
carbon dioxide given off be influenced.31 In
1869 he showed that in leukemia—a disease
which was believed to be associated with dimin-
ished internal respirationj—neither the oxygen
intake not the carbon dioxide output is affected.3''
In the same year, Senator searched in vain for
evidence of incomplete oxidation in dogs, cats,
and rabbits after binding the thorax tightly.84
In 1870 and 1871, Voit35 discussed the whole
subject at great length and answered especially
the objections of Liebig who was teaching the
old view.

Hoppe-Seyler accepted the new theory almost
from the beginning,88 but did not feel that the
experimental proof was complete until 1878.8T

At first (1866-1868) Pflüger—who at this time
was working on the gasometry of blood—vigor-
ously opposed the new view.38 In 186830 he
stated: "No one will deny at the present day
that oxygen is continuously used up in the blood-
vessels," and described experiments of bis own

tin 1789 I^ivoisier demonstrated this apparatus to the mem-
bers of the Academy, and in his communication described certain
features of it ; he promised to publish later a detailed description.
In 1700 lie again promised to describe this apparatus. I have
searched for this promised report in probable places but have
never been able to find it. »

t The memoirs of the French Academy for 1700 wore not pub-
lished until 1707 A new set starting with volume 1 began in
that year. The intervening years are not represented. The
Academy was suppressed in 1703.

§ One of Voit's pupils haß recently assigned 1877 as the date

of Pfltlger'a recognition of the trnth ;w whereas as early as 1872
Pflüger was disputing claims for priority with Voit.10

* Twenty years before, by means of a mercury pump, 0. Mever
had extracted carbon dioxide and oxygen from both arterial and
venous blood.

t Confirmed also by later experiments.30
t Salkoweki studied this problem, too, and could find no products

of Incomplete oxidation in the urine of patients with leukemia.32

 The Boston Medical and Surgical Journal as published by 
The New England Journal of Medicine. Downloaded from nejm.org at UNIVERSITY OF OTAGO on February 19, 2016. 

 For personal use only. No other uses without permission. From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society.



and similar ones by Schmidt in Ludwig's labora-
tory, intruded to demonstrate the presence in
the blood, during suffocation, of products of in-
complete oxidation. He declared, also, that
dyspnea is due to products of incomplete oxi-
dation.4'1'

But Pflüger soon changed his opinion; he dis-
proved his earlier findings of products of incom-
plete combustion in the blood, and. in 1872, re-
jected the old hypothesis,11' going even so far as
to assert that he had recognized and taught the
correct theory even before Voit. In extra large
type on page 46 of this paper occurs the follow-
ing very important sentence which expresses the
views of physiologists today: "Here lies (in the
cell itself alone) the essential Beeret of the regu-
lation of the oxygen used by the body; it is not

1 determined by the blood pressure, the velocity
of the blood stream, the activity of the heart, or
the activity of the respiration."

In 1875, both Voit'11 and Pflüger4- complain
that the now view is not everywhere known and
accepted; according to Voit, even Liebig still
opposed it. But that the results are not every-
where ignored is shown by Voit 's further com-
plainl against those who say that they recog-
nized and demonstrated the truth before he
(Voit) did; he disputes especially Pfliiger's pri-
ority claims.

During the years 187f> to 1878 a great many
papers on respiration and metabolism appeared
from Pfliiger's laboratory.43 Many of them are

very long and offer as evidence not only experi-
ments carried out in Pfliiger's laboratory, but an
enormous amount of other evidence from all de-
partments of biology. His own experiments deal
largely with measurements of the amount of
metabolism under conditions of varying oxygen
supply. The papers are polemic in character
and their influence on other physiologists is re-
flected in the gradual change in the nature of
discussion. The earlier papers are devoted to
demonstrating that the opponents of the new
view are wrong. Pflüger opposed " especially
the contentions of Ludwig and his pupils'"' thai
oxidation in the muscles is proportional to the
velocity of the blood, and that during suffocation
the blood contains products of incomplete oxida-
tion. He seems to have overcome opposition to
the new view toward the end of this period, for
later papers "; are directed largely at those—in
Hoppe-Seyler's laboratory especially :'7—who
dispute his claims for priority. Physiologists
commonly give Pflüger credit for first demon-
strating the truth regarding oxidation. As a
matter of fact, Voit first taught the truth; but
Pflüger overcame opposition and convinced the
scientific world.

With the opening of his new institute in 1878
Pflüger seems to have concluded his work on
respiration and turned his attention to other
problems. Judging by a statement from Hoppe-
Seyler's laboratory at this time,37 the new view
seems to have gained general acceptance, Lud-

l>

wig alone holding out ; Ludwig apparently never

accepted the new view.-3 (He died in 1895.)
But since 1878—long enough ago it would

seem for the facts to have filtered into clinical
medicine—no physiologist has contended that
products of incomplete oxidation will result
¡Vom either poor respiration or poor circulation.
11 is to be hoped that more active emphasis on
the practical aspect of physiology will purge
clinical medicine of ideas generally recognized
by physiologists as incorrect.
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ROENTGENTHERAPY IN HYPERTROPHY
OF THE THYMUS GLAND.*

BY Philip H. Cook, M.D., Worcester,
Roentgenologist, City and Memorial Hospitals; Physi-

cian to Out-patients, City Hospital, Worcester.

In no line of recent medical research has
greater interest been taken, nor more fruitful
results obtained, than that pertaining to the
ductless glands. Each of these organs by its
separate action, and by its interrelation with
others, has been shown to have effects upon the
bodily economy which present a problem at
once perplexing and fascinating to investigator
and clinician alike. And some of the most in-
1cTi'sting clinical questions centre about the
thymus gland.

Anatomy and Development. In man the thy-
mus develops as a paired organ from the ventral
part of the third branchial cleft; at birth the
organ lies behind the sternum, backward as far
as the pericardium,, reaching above somewhat
higher than the .jugular notch. Accessory lobes
lying within the thyroid or closely united with
it may develop from the fourth cleft. "The
close association," says Noel Paton,1 "of such a
structure with the original direct channel of- the
blood-flow to the body suggests the occurrence
of some modification in the blood en route for the
tissues." This statement should be borne in
mind when discussing the clinical symptoma-
tology of the gland.

It consists of two chief lobes, one on each
side, and each subdivided into a number of
small globules. Each lobule is surrounded by a
fibrous capsule, and is densest at the periphery.
The epithelial structure, of which the gland es-
sentially consists, forms a branching network
throughout the lobules, at some places concen-
trated into masses of cells, which degenerateinto large, more or less circular bodies.—the so-

* Read before the Worcester District Medical Society, Nov. 10,1915.
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